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Introduction Introduction Introduction Introduction
Poly(γ-n-alkyl L-glutamate)s (PALGs), in which the n-alkyl groups are introduced into the side chains of poly(L-glutamate) [1] , show interesting features depending on the side chain length. The polymers with n-alkyl side chains longer than an n-decyl group form a crystalline phase composed of paraffin-like crystallites. This shows that the melt of the side chain crystallites induces a thermotropic liquid crystalline nature in the rigid α-helical main chain.
In general, the compounds that form liquid crystalline phases consist of both rigid and flexible parts. The phase behavior of the liquid crystalline polymers with the same mesogenic group is influenced by the flexible part. The mobility of the flexible part dominates the structure and dynamics of the liquid crystal. A knowledge of the molecular parameters such as molecular order and dynamics is of great interest for the applications of polymeric liquid crystals. Thus, in order to relate the physical properties of liquid crystals to their structural and dynamic behavior on a molecular level, the molecular order and mobility of the mesogenic and flexible parts must be characterized.
It has been reported that 13 C CPMAS NMR spectroscopy is a useful technique to characterize the structural and dynamic behavior of liquid crystalline polymers [2] [3] [4] [5] . In a previous paper [6] , VT CPMAS NMR measurements were carried out for a series of PALGs. For PALGs with short side chains, the mobilities and temperature dependence of the main chains are close to those of their side chains. As the number of carbon atoms in the side chain increases, the mobility of the side chain increases drastically with temperature. Therefore, for PALG with a long n-alkyl side chain, the mobility of the main chain is much slower than that of the side chain, especially at high temperature.
This difference in mobility is one of the important factors for the formation of the liquid crystalline state. For the side chain carbons, from the 13 C chemical shift, information about the structure and molecular motion can be retrieved because individual carbon peaks are clearly separated. Long side chains form paraffin-like crystallites with an alltrans conformation at low temperature. In this state, the molecular motion is restricted.
The molecular motion of the side chain with a long n-alkyl group in the liquid crystalline state or with a short n-alkyl group is similar to those of the amorphous phase of polyethylene or liquid paraffins. On the contrary, peaks for the main chain are almost disappeared because of their reorientational rate. The chemical shifts indicate that the -4-α-helix is maintained even at high temperature. However, the molecular motion of the main chain is not clear.
In this paper, selective labeling and 2 H NMR measurements were carried out for PALG in order to gain insight into the molecular motion of the main chain.
Experimental Experimental Experimental Experimental Materials
Poly(γ-n-alkyl L-glutamate)s (PG-n, where n is the number of carbon atoms in the nalkyl group) are synthesized by ester-exchange reactions between poly(γ-methyl Lglutamate) and the corresponding alcohols as described in a previous paper [6] . The selective labeling of 1 H in the amide group by 2 H is carried out using Chapman's method [7] . PG-n is dissolved in deuterated trifluoroacetic acid and this solution is stirred for 1 hour. The reaction mixture is poured into excess methanol. The obtained polymer is C CPMAS NMR spectra [6] , the peak of the main chain carbons (carbonyl and C α ) decreased in intensity, but did not completely disappeared. If the disappearance of the CPMAS peak takes place during successive increases in the temperature, it means that the molecular motion with the rate close to the frequency of the dipolar decoupling (60 kHz for EX400WB) occurs. As the peak intensity decreased with temperature, a certain molecular motion is taking place.
However, its mobility is much slower than the decoupling frequency. In this case, both observed at all temperatures. Therefore, the molecular motion of the main chain is restricted. Since wings are clearly observed in all spectra, exchanges between the α-helix axis and others do not occur in the measured temperature range. As for the inner peaks and shoulders, the inner peaks move to outside and the shoulder inside as the temperature increases. In Fig.5 is shown the temperature dependencies of ∆ν 1 and ∆ν 2 .
As seen from Fig.5 , ∆ν 1 and ∆ν 2 increase and decrease, respectively, as the temperature increases. This indicates that a certain molecular motion which averages out between the principal axes perpendicular to the α-helix axes takes place. As the inner peaks and shoulders are not completely averaged, the motion may be slower than the difference between the inner peaks and shoulders. The difference between the inner peaks and shoulders is about 60 kHz. Therefore, the rate of molecular motion seems to be close to several tens of kHz. From the previous results for the 13 C CPMAS NMR [6] , peaks for the main chain carbons (carbonyl and Cα) disappeared at high temperature. As mentioned above, the disappearance of the CPMAS NMR completely disappeared at high temperature, which means the rate of molecular motion is close to the dipolar decoupling frequencey of 60 kHz. Since the difference between the inner peaks and shoulders is about 60 kHz and these peaks are completely averaged, the rate of the motion should be at least more than this frequency difference. If the rate is much faster than 60 kHz, the peaks of the 13 C CPMAS NMR spectra reappear. Taking these situations into account, the rate of molecular motion seems to be close or a little faster than 60 kHz.
At 140EC, the intensity of the wings decreased. This means that some kind of averaging for the principal axis parallel to the α-helix axis takes place. However, as seen in Fig. 6 , two peaks, which are the averaged peaks between the inner peaks and shoulders are almost at the same position as that at 100EC. If overall averaging for the three principal axes takes places, the peak position should be the average of the three From these results, it is found that the molecular motions of the main chain are common to all PALGs. The main chain can rotate or vibrate around the α-helix axis. As the temperature increases, the rate of rotation or vibration increases and the α-helix conformation remains unchanged.
